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I N T R O D U C T I O N 
Helianthus annuus. L. is a member of the family 
'asteraceae' (compositae) which is considered as the highest 
evolved family of dicots, because it includes 20,000 
species. Seller and Gerald (1992) found that the genus 
Helianthus is composed of 49 species and 19 subspecies, with 
12 annual and 37 perennial species. Genus Helianthus is 
named from Greek Helios meaning Sun, anthos - meaning flower. 
The name Helianthus annuus. L. was given by Linnaeus because 
the only sunflower known to him lived only annually i.e. 
for one season. 
Sunflower probably originated in South West United 
States - Mexico area (Heiser 1976 a; Verceanu 1974). 
However, as a cultivated crop it was re-introduced to North 
America from Europe in late 19th century although sunflower 
was introduced to Europe in 16th century. The first 
published description appeared in herbal literature by 
Rambert Docloens in 1568. The first commercial production of 
oil occurred in 1830-40. The crop has steadily grown in 
importance from 1970's and today the sunflower is one of the 
world's important oil seed. In 1979-80 ^ it was estimated as 
the record global oil production (Mielke 1980). 
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The plant contains Saponine, Ascorbic acid 
(92.2-156.3 mg/lOOg fresh weight). Carotene (0.111%, dry 
weight), Citric acid and malic acid (10 mg/gram fresh 
weight) and small amount of malonic, lactic, succinic, 
aconitic and fumaric acids are present in the leaves. Leaf 
extracts show antibacterial properties. 
The seeds of sunflower are diuretic and expectorant. 
They have been used in bronchial, laryngeal and pulmonary 
infections, coughs and cold etc. Leaves are reported to be 
employed in the treatment of malarial fevers in Caucasus. 
Mutagenesis is the term referred to the phenomenon 
of changing the base sequence in DNA resulting in the 
altered gene which in turn produces an altered protein and 
hence an altered organ. The chemicals which possess the 
quality of acting upon the genetic material and cause 
mutation are called as mutagens. The term mutation was 
coined by Huge deVries (1901) from the latin word "Mutare" 
meaning to change. Since then it is used as collective noun 
for all kinds of hereditary changes which may be genotypic 
or phenotypic resulting from altered germinal cells. 
Though there were several attempts to induce 
mutations by chemical agents (Westergaard 1957, Gustafsson 
1969), the first definite evidence that the chemical agents 
r 
t 
can induce mutations was obtained by Auerbach and Robson 
(1942). The chemicals occurring in plants are sulphur 
containing compounds (rhodanide, KSCN), allyl isothyocyanate 
or mustard oil found in many cruciferous plants especially 
in mustard; mines, amino acids and amides (tetramethylene 
diamide) found mainly in fungi and lower plants. Others 
though not in free states are purines, nucleic acid and its 
degradation products as also deoxyribo and ribonucleic 
acids. 
Mutations can be induced or spontaneous. Mutation 
is the only method by which allelic differences between the 
genes can arise. Brock (1970) found that induced mutations 
are considered as the alternative to the naturally occurring 
variations as the source of germ plasm for plant improvement 
programmes and as an alternative to hybridization and 
recombination in plant breeding. 
The relative advantages of mutation and recombi-
nation in plant breeding have been considered in relation to 
genetic nature of trait to be improved in the breeding 
system of the species. 
The direction and rate of mutation vary in different 
genes. Mutations with large effects cause large 
disturbances in the normal development and functioning, 
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therefore, mutations with small effects are of importance in 
evolution. Mutation could have harmful effects as well as 
useful effects. If they are useful they play an important 
role in evolution. Induced mutations found to be successful 
in yield characters, induction of early maturation and 
alteration in grain or seed quality. 
India is a country with great agroproductivity but 
still the needs of its great population are to be met with. 
The oil seed crops are still in the scientifically 
sophisticated stage of breeding where breeder would be able 
to produce large quantities of oil at a reasonable rate so 
as to conserve and improve the health of the human community 
which will lead to the prosperity of country and world. 
Helianthus annuus. L. is the source of sunflower oil 
which is reaching the peaks of popularity with the growing 
health awareness because it is proved to be unsaturated 
cooking medium and it is cholestrol-free. It minimizes the 
danger of heart troubles leading to heart attacks and heart 
failure. 
Realising the importance of the sunflower oil, 
attempts were made to carry out mutation breeding work on 
Helianthus annuus. L. The chemical mutagens have been 
employed in different concentrations of sodium azide, 
caffeine, 2,4-Dichlorophenoxy acetic acid (2,4-D), Ethylene 
diamine tetra acetic acid (EDTA) at seed level. 
The assessment of mutagenic effects of these 
chemical mutagens has been done on different parameters, 
such as, seed germination, seedling growth, survival rate, 
mutation frequency etc. by observing morphological 
variations at seedling and mature stages, habit of the 
plant, nature of flowering, branches, yield and so on. 
Later the quantity and quality with respect to its 
constituents will be analysed and compared along with 
control populations and relationship of morphological 
characters with mutations to establish the importance of 
mutation will be worked out. 
GENERAL DESCRIPTION; 
The cultivated sunflower is a tall, errect, 
unbranched, coarse, annual with a distinctive large golden 
head, the seeds of which are often eaten and commonly 
crushed for their oil. 
The root system is substantial but often shallow, 
the tap-root can be three meters in length. It rapidly 
reduces in diameter from the soil surface and so offers but 
insecure supportto the mature plant. 
The stem is robust, circular, usually 3-6 cm in 
diameter, bears rough hairs and may have slight longitudinal 
ridges. The woody exterior is filled with a stiff white 
pith, and frequently become hollow with age. The main stem 
components of Egyptian Sunflower were estimated as 53% 
cellulose, 17% lignin, 17% pentosan, 3% crude protein and 
8% ash. (Brian and Moawad 1979). The stem is greenish 
yellow, and it vary in height from 1 to 3 meters. 
Leaves usually alternate, occasionally opposite on 
the lower stem and alternate above, large, ovate, cordate, 
frequently heavy and carried on long petioles acute apex 
usually dark green. Some 20 to 40 are produced per plant, 
their rate of development and number being a varietal 
characteristic. 
The inflorescence of special racemose type called as 
•capitulum' is borne terminally on the main stem and 
branches (if present),. Head size commonly reaches 10-30 cm 
in diameter, and the greatest diameter recorded is 76 cm 
(Heiser 1976 a). It consist of two types of flowers, ray 
florests which may be pistillate to neutral and disc florets 
which are hermaphrodite. The receptacles on which these 
flowers are borne may be flat concave or convex. The 
flowers are actinomorphic or zygomorphic gamopetalous, calyx 
reduced to pappus, syngenacious anthers, inferior ovary 
unilocular with a single ovule at basal placentation. 
Outer row of flowers usually brightly coloured, liqulate, 
generally yellow but can vary from deep yellow to red. Disc 
flowers may be brown or purplish. There can be 1000 to 4000 
individual florets per head which are arranged in spinal 
whorls originating at the centre of inflorescence, and 
mature progresively from the outer to the centre of the 
disc. It has been established that these whorls follow a 
numerical Fibonacci Sequence (Mathai and Davis 1974) thus 
explaining mathematically a very complex natural arrange-
ment. Flowers are protandrous and normally cross 
fertilized pollonation being affected by insects walking on 
the surface, and wind pollination being rare. 
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The fruit commonly known as the sunflower 'seed' is 
more correctly achene and commercially grown varieties range 
in colour from black to white but brown, striped or mottled 
seed can also occur. 
MATSklAL 
ANO 
Msnioos 
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MATERIAL AND METHODS 
In the present work the effect of aqueous solutions 
of chemical mutagen on cytomorphological characters on 
Helianthus annuus L. in varieties Morden and BSHI have been 
studied. 
The certified healthy seeds of sunflower varieties 
Morden and BSHI were obtained from Indian Agricultural 
Research Institute (lARI) New Delhi. Sets of 50 seeds each 
were subjected to the treatments in each concentration of 
chemical mutagen for 24 hours. The concentration of 
caffeine was prepared in double distilled water. One set 
of 50 seeds was soaked in distilled water and sown as 
control. 
Preparation of Caffeine Stock Solution; 
The 2% stock solution of the caffeine was prepared 
by dissolving two grams of caffeine powder in 100 ml. of 
double distilled water then it was diluted to 0.05 0.25 
0.5, 0.75, 1.0, 1.05, 1.25, 1.5, 1.75 and 2% concentrations. 
Fixation and Processing of Material; 
The cytological material was fixed in Carney's fluid 
(6 parts absolute alcohol , 3 parts chlorofom and 1 part 
1 
acetic acid) between 0.30 A.M. to 10.30 A.M. for 40 to 60 
minutes or till the chlorophyll was completely dissolved. 
Then the material was transferred to the propionic acid 
saturated with ferric acetate for 24 hours, washed with 70% 
alcohol for two or three times and preserved in the same 
concentration of alcohol for cytological studies. 
Seedling Morphology; 
To study the morphological variations in Ml 
generation different parameters were taken into account, 
such as size and shape of cotyledonary as well as vegetative 
leaves and habit of seedlings. 
QUANTITATIVE AND QUALITATIVE CHARACTERS OF CROP; 
The following morphological parameters were taken 
in Ml generation: 
Height; 
The height of seedlings and mature plants was 
measured in inches from the point above the ground to the 
tip of the main axis of stem. 
Height Injury of Seedlings and Mature Plants; 
Height injury was calculated using the formula: 
HEIGHT INJURY (%) — I ^L- X 10 0 
He 
L, 
Where He = height of control seedlings or mature plants 
Ht = height of treated seedlings or mature plants 
Plant Morphology and Mutation Frequencyt 
The morphological variations were selected on the 
basis of visible physical characters and deviations from the 
normal behaviour of the plant as compared to control. The 
parameters of morphological mutations are as follows: habit 
of plants, shape and size of leaves, branching, flowering 
and height of the mature plants. 
The mutation frequency was calculated using the 
following formula: 
MUTATION FREQUENCY (%) = NUMBER OF MUTATED PLANTS ^ 100 
TOTAL NUMBER OF GERMINATED 
PLANTS 
Cytological Studies: 
Chromosomal behaviour in the pollen mother cells was 
observed in control and each treatment. 
For squash preparation the anther was taken out, 
squashed in a drop of 0.5% propionocarmine solution (55 cc 
double distilled water + 45 cc propionic acid + 0.5 gram 
carmine powder). 
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Analysis of various stages of meiosis as well as 
photomicrographs were best done from temporary as well as 
permanent slides. 
Chiasmata frequency was counted using the formula: 
Chiasmata per cell = Total number of Chiasmata 
Number of PMCS 
Chiasmata frequency „ , ^ L . - ^ ^ ^- ^ • ^ ^ i n bivalent Number of chiasmata studied in total cells 
No. of HViC observed x No. of bivalents of plants 
Fresh pollen grains from recently opened flowers 
were stained with acetocarmine (55 cc double distilled 
water + 45 cc acetic acid + 0.5 gram carmine powder). Normal 
densely stained round pollen grains were counted as fertile 
while unstained or feebly stained, empty, shrunken deshaped 
pollen grains as sterile. Pollen fertility was counted 
using the formula: 
Pollen fertility = Fertile pollen grains ^ ^ QQ 
Total pollen grains 
PREPARATION OF PERMANENT SLIDES: 
The wax-sealed temporary slide was put in a mixture 
of acetic acid and butanol (1:1 ratio) till the coverslip 
falls. Then transferred to pure butanol for 2-3 minutes, 
mounted in Canada balsam and dried in incubator at 45-50°C 
temperature. 
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Yield; 
Yield has been calculated on the basis of total 
number of seeds per plant in control and in treated 
populations and weight per 100 seeds. 
Yield = Number of seeds per head X Average number of heads per plant 
STATISTICAL ANALYSIS: 
Observations recorded on seedling growth, mutation 
frequency, pollen grains etc. in different treatments 
together with control, have been subjected to statistical 
analysis with a view to find out the extent of variations 
induced by the chemical mutagens. 
Mean (X); 
The arithmatic mean, simple mean, or average value 
is computed by taking the sum of the number of values 
(x^  •*• ^2 "*" •^T •^  ^  ^ ""^  dividing it with total number of 
values (N) thus, 
X = "^'(^ 1 -^  2^ + ^n) or ^ ^yj^ 
N N 
Where X^, X , X^, X individual readings 
N = Number of observation 
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standard Deviations (SD); 
It is positive square root of the average of sum of 
squares of deviations of all observations from their means. 
It is calculated by the following formula: 
S.D = 
- 2 - _ 2 _ _ 2 
(X - Xi) + (X - X2) + (X - X^) 
N 
2 
or 
( X - Xj^ ) 
N 
Where X = Mean of observations involved 
Xn, X^ X = Individual observations 
1 2 n 
N = Number of observations 
Coefficient of Variations (CV); 
It measures the relative magnitude of variation 
present in observations relative to the magnitude of their 
arithmatic mean. It is defined as the rate of standard 
deviation to arithmatic mean expressed as percentage. 
CV = — — — X 100 
Mean 
Standard Error (SE); 
Standard error is calculated by dividing the value 
of SD by square root of number of observations: 
IB 
SE ^ J^ 
/~N~ 
Where, SD = Standard deviation 
N = Number of observations 
RSVIBW 
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REVIEW OF LITERATURE 
The idea of inducing mutations and utilization of 
these artificially induced mutations for improving 
cultivated plants is more than eight decades old. Mutation 
is a very valuable approach to plant breeding, improvement 
of characters, changing or altering the basic genotype and 
shortening the normal life cycle of the variety concerned. 
The occurrence of sudden and heritable changes in 
the races was first suggested by Hugo deVries (1901) on the 
Oenothera lamarckiana. He proposed the use of radiation for 
the induction of mutations. Gager (1908) applied x-rays for 
the induction in vegetative cells. Morgan (1911) observed 
spontaneous mutations in Drosophila Nelson Ehle (1914) also 
suggested the possibilities of inducing mutations. First 
successful attempt was made by Muller (1927) for the 
discovery of induced mutability and its frequency in 
Drosophila. Altenberg (1928) showed that the frequency of 
translocation was increased by radiation. Successes with 
x-rays were achieved by Stadler (1928) in barley and by 
Goodspeed (1929) in Datura and Nicotiana. 
Sapehin (1930, 1934) and Delaunay (1932, 1934) used 
x-rays for the induction of mutations. The radiation 
genetics rapidly developed into an inventive section of 
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biology with the invention of gene and Treffer theory 
(Timofeeff Ressousky et al. 1935). Several types of ionizing 
radiations viz. x-rays, gamma rays, protons, fast and 
thermal neutrons. Alpha and Beta particles have been shown 
to have mutagenic properties (IAEA, 1970). The only non 
ionizing type of radiation carrying mutagenic potential is 
ultravoilet radiation (IAEA, 1970) of those gamma rays are 
considered more suitable for induction of mutations in 
-13 -11 plants because they have a shorter wavelength 10 ,10 ) 
and therefore, posses more energy per photon. These are 
also capable of deep penetration in the tissues (IAEA, 1970). 
Mutation plays a great role in the evolution of 
plants and formation of species. The role of mutations in 
evolution was emphasized by Baur (1924), Stubb and Wettstein 
(1941). The only evidence given by Scossiroli (1964) and 
Buzzato Traverso (1955) on possibilities of increasing the 
rate of evolution towards better adaptability to special 
environment in populations and by Gregory (1955) on the 
possibility of improving the response in peanuts to 
artificial selection for quantitative traits opened the new 
field of the use of radiations in plant breeding. 
Benezer and Freese (1958) analysed mutagen speci-
ficities in micro-organisms viruses. Freese et al. (1961) 
reported that mutagan specifities also occur in crop plants. 
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Substitution and chromosomal reconstruction clearly 
demonstrated by Sears (1956) is now a valuable tool in 
planned plants genetics and breeding (Gustafsson 1969). 
Another milestone in the history of induced 
mutations is the discovery of chemical mutagens during the 
world war second. So the use of chemical mutagens is recent 
in origin and they have been used extensively only during 
the last decade in India and other countries of the world. 
Chemical mutagenesis for the first time was tried by 
Schiemann (1912) on Aspergillus niger. 
Sacharov (1932) later confirmed by Stubbe (1940) in 
Neurospora, used iodine as a successful mutagenic agent in 
Drosphila. Stubbe (1937, 1938) summarized previous data on 
chemical mutagenesis. Although the claims of successful 
induction of mutation with chemicals were made long back but 
conclusive results were obtained by Auerbach and Robson 
(1942) and Oehlekers (1943). Auerbach and Robson (1942) 
induced "gene mutations" in Drosophila melanogaster after 
using mustard gas, and Oehlkers (1943) studied the induction 
of chromosomal translocations in Oenothera lamarckiana by 
urethane. A large number of chemical compounds are known to 
possess mutagenic qualities and their number is continuously 
increasing. These substances have been broadly divided into 
many categories (after IAEA, 1970). 
an 
A considerable amount of mutagenic work has been 
done by physical and chemical mutagens on Helianthus annuus. 
L. (Lyashschinko and Ulitcheva, 1971). Kovachick (1973) 
gave the effect of gamma irradiation in Helianthus annuus.L. 
and observed the decrease in the nucleic acid content with 
dose and effects on storage of irradiated achenes. 
Chlorophyll mutations, single and paired bridges and 
cells with paired fragments have been observed in Helianthus 
annuus, post gamma radiation (Sizova, 1976). 
Designation have recently been proposed for the 
genome concerned in the evolution of Helianthus annuus 
species (Anashchenko, 1974). 
Plotnikov (1973) pointed out chlorophyll mutation 
and male and female sterility by the treatment of DMS in 
sunflower. 
Siddiqui and Ansari, (1986) induced morphological 
variations along with chromosomal abnormalities in 
Helianthus annuus variety Peredovick by DES. 
Shcherbakova et al. (1988) found plastid mutants of 
two types, first type was more resistant to water deficiency 
than second type. Desication induced formation grana which 
are absent normally. 
o t 
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CAFFEINE; 
(1,3, y-trimethyl Xanthine)[C H^^ N^ O^] (Gibbs, 1974) 
Most of the population of the world is exposed to 
caffeine to a greater or lesser extent since it occurs in a 
number of plants used in the preparation of drinks and has, 
in addition, a limited therapeutic property. The ability of 
caffeine to potentiate the lethal mutagenic and chromosome 
breaking effects has attracted particular attention during 
the recent years. 
Caffeine exhibits two distinct actions with regard 
to cell viability. In some systems it is itself lethal 
usually at relatively high concentrations while in others it 
is synergistic and less commonly antagonistic with other 
killing agents. The effects in combination with other 
agents may in some cases be caused by caffeine inhibition of 
repair process. 
An important and characteristic property of caffeine 
which is confined to plants is its ability to cause failure 
of cell wall formation following mitosis. This results in 
formation, first, of binucleate and later if treatment is 
continued polynucleate cells. -This effect has been observed 
in Allium cepa root cells where the thresh hold concentra-
tion lies between 0.02 and 0.04% (Kihlman and Levan,I949). 
M < 4 
The mutagenic effect of caffeine was detected by 
Fries and Kihlman (1948) on Ophiostoma multiannulatum. The 
chromosome breaking effect of caffeine was demonstrated in 
plants by Kihlman and Levan (1949). Demerec et al. (1979) 
established the mutagenic activity of caffeine in bacteria 
and fungi and Andrew (1959) in Drosophila. Later Kihlman 
(1961, 1966) reported that subchromatid and chromatid 
exchange type of aberrations predominate. According to 
Ostertag et al. (1965) caffeine - induced breakage is 
realized only during DNA synthesis. 
In Allium sativum root tips, caffeine at low 
concentrations induced the formation of chromosome bridges, 
ring chromosomes and micronuclei (Koerting - Keiffer and 
Mickey 1969). Caffeine has been shown to inhibit or delay 
mitosis in the wide range of cell types acting either alone 
or in recombination (Doman and Rauth, 1969). Loprieno and 
Schuephach (1971) showed that caffeine inhibits meiotic 
recombinations and UV or chemically induced mutations in the 
yeast. Further Loprieno et al' (1973) investigated that 
caffeine reduces the frequency of single crossovers near 
centromere and strongly decreases the probability of second 
cross over near centromere. According to Kihlman et al. 
(1973) caffeine increases the chromosomal aberrations 
induced by a variety of mono-and polyfunctional alkylating 
M li 
agents in Vicia faba. Further investigations on higher 
organisms reveal the mutagenic and modifying action of 
caffeine. Kihlman et al. (1974) demonstrated that caffeine 
inhibits post replication repair of DNA damage, potentiates 
chromosomes damage and reproductive death. Caffeine almost 
double the rate mitotic crossing over in invitro cell 
culture of Nicotiana tobacum (Carlson 1974), chromosome 
damage induced by alkylating agents is strongly potentiated 
by caffeine in several systems. In the other hand by 
ionizing radiation it is farless pronounced and observed 
only in small cell systems (Swietlinska and Zuk, 1974). 
The caffeine post treatments considerably potentiated the 
EMS induced Ml generation seedling height reduction (Gichner 
and Veleminsky, 1974). 
Veleminsky et al. (1975), concluded that caffeine 
enhanced the biological damage by acting in 'S' phase and 
inhibiting the repair of DNA damage in the newly synthesized 
DNA strand. 
Barley seeds when treated with caffeine at various 
times after germination, doubled the yield of chromosomal 
aberrations (Martel et al. 1975). Moreover, caffeine post 
treatment increased the abrerration yield both at early and 
late germination time and pretreatment was effective only at 
early stage of germination. (Martel et al. 1975, Reginon and 
Zofia, 1978) . 
or 
If applied after gamma irradiation, it strongly 
decreased the frequency of chromosomal aberrations and its 
effect was the most intensive when caffeine application 
immediately followed the irradiation (Dimitrov, 1981). 
Similarly it reduced chromatid translocation in barley 
(Nicoloff and Reiger,1986). 
Vogel and Friebe (1989) gave an additional treat-
ment with caffeine during first cell cycle of lateral roots 
of Vicia faba, with 5-bromo-deoxy-uridine (Brdu) followed by 
another cell cycle in presence of thymidine. 
They found that Quinacrine mustard, or UV lights in 
between Brdu and thymidine treatments, reduces the number of 
sister chomatid exchange (SCE) aberrations, whereas caffeine 
during second cell cycle (post-treatment) increased the 
frequency of the exchange aberrations. 
Swietlinska and Zuk (1987-89) found that maleic 
hydrazide (MH) deoxybutane (DEB), N-ethyle, N-nitrosourea 
(ENU) and methyl methane sulphonate (MMS) were more 
sensitive to caffeine during their first passage through 
S-phase. Induction of aberrations by MMS and ENU were 
highly potentiated by caffeine post treatment in Vicia faba. 
They also found that the yield of aberrations 
induced by x-rays in Rye seeds was significantly increased 
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by caffeine. The potentiating effect of caffeine as the 
chromosome damage induced by ionizing radiations was less 
pronounced. 
GENE ACTION; 
Anisimova et al. (1991) found Helianthenin 
(sunflower main storage protein 115 globulin) can serve as a 
marker character in analysis of line varieties and hybrid 
varieties. 
Damon et al. (1991) isolated specific gene (SF ) 
from sunflower which encodes an 800 nucleotide transcript 
containing two exons (77 and 5636 respectively) coding for 
signal peptide of 21 amino acid, and a 100 amino acid 
polypeptide. 
The SF2 gene is present in sunflower genome in 
several copies. Ali et al. (1992) evolved a superior 
genotyp^e carrying desirable characters by crossing Suncon 
110 with Sumeon 90 for oil percentage protein percentage and 
seed yield percentage. 
Jan (1992) found mutants (Nuclear male sterility 
(NMS)) derived from inbred lines 'HA-89' and two lines 
'BAIIA3' and •P21' for their mode of inheritance, allelic 
relationship, and programic characters. 
2r, 
HYBRIDIZATION: 
Hybrids of inbred lines of sunflower have given the 
biggest increase in yield and oil contents and are in 
general commercial use. Named hybrids of known performance 
are now available in many countries from reputable seed 
companies. The introduction of hybrid sunflower in late 
1970's has radically improved profitability and therefore, 
long term prospects for the crop. Hybrid sunflowers has 
important advantages over open-pollinated varieties. It 
produces very high seed yield, has increasing seed oil 
content, flowers over a short period and has a short, sturdy 
stem with a single head. All these characteristic increase 
the amount of mechanization possible and add to its 
efficiency. Many hybrids are also drought resistant or 
resistant to some insect pests or diseases. 
Vegetative hybridization has been reported from 
USSR, with grafts of sunflower on Xanthium strumarium. 
Kinman (1970) produced hybrid sunflowers and cultivers with 
short stems. 
Cokerell (1979) studied hybrid sunflower 
Autosyndesis and structural hybridity in F, hybrids 
Helianthus tuberosus L. crossed with Helianthus annuus L. 
and their sequences. Ferreira (1981) studied hybridization 
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and introgression between Helianthus annuus L. and 
Helianthus petiolaris and observed that olic acid concen-
tration decreased and linolic acid concentration increased 
linearly as planting dates were delayed. Bohorava and 
Georieva (1987) reported hybridization between Helianthus annuus L. 
(2n = 34) and Helianthus hirsutus (2n = 68) and concluded 
that pairing had occurred mainly between parently homologous 
chromosomes of both species. 
The weedy race of Helianthus bolanderi had 
originated by the introgression of genus from Helianthus 
annuus into the superficial race Helianthus bolanderi 
(Karmaker and Srivasthava, 1968). 
Kristov (1988) found that in the course of hybri-
dization at conditions existing in the field crosses between 
Helianthus agrophyllus and the cultivated sunflower (H. 
annuus L. ) are relatively easy and interspecific incompati-
bility is manifested at stages of embryonal development. 
Jordanka (1988) analysed Fl hybrids between Helianthus 
annuus and Helianthus decapetalus and the study on the 
effect of backcrossing on cytological and phenotypical 
stabilization substantiate the conclusion that both are used 
in sunflower hybridization programmes. Gubbels and Dedio 
(1988) detected that plant height was reduced and achene 
yield was increased for early hybrid of the sunflower. 
Deibert (1989) observed that early maturing sunflower 
hybrids are better adapted to dry land areas of cool 
northern states, because seed yield and quality irrespec-
tive of tillage or weed control methods were equal to or 
better than those for late maturing hybrids. 
Georgiva, Todorova, et al. (1992) found that H. 
annuus hybridization with H. tuberosus and H. rigidus and 
H. resinosus, yields hexaploid species. The Fl hybrids were 
characterized by their high sterility. Fertility was raised 
though not completely, only after 3 or 4 back crosses. 
Hybrids between H. annuus and H. rigidus were produced with 
difficulty. The pre-existing high incompatibility between 
these two species were partially overcome when H. rigidus 
was used as female. It was also found that H. resinosus was 
more closely related to the cultivated sunflower than other 
hexaploid species (H. tuberosus, H. rigidus) and that the 
development of all hexaploid species had not been attained 
in the same way. 
Sterility and incompatibility: 
Throughout the entire plant kingdom species of 
annual flowering plants tend to be easily, if not obligatory, 
self-fertilized. The term sterility generally includes all 
those cases where there is failure of production of viable 
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offsprings fruits, seeds or even any of the products 
expected by man. 
Stebbins (1950) stated that a relationship probably 
exist between length of life cycles and the kind of 
opportunities for gene recombination within a species. Thus 
perennials which reproduce infrequently have less opportu-
nity for genetic recombination per reproductive cycle 
because they are obligate cross pollinators. Thus the 
extent to which a crop species will set seeds is an 
important problem with which the plant breeder must deal. 
The sterility is also applied to those cases in which the 
inability to obtain seed set results from failure of the 
pollen or ovules of normal function. Any abnormal or 
imperfect development of reproductive parts may cause 
sterility. 
Leclerq (1969) found cytoplasmic male sterility in 
crosses between Helianthus petiolaris and Helianthus annuus 
combined with fertility restorer genes, Kinman (1970) 
produced hybrid sunflowers with short stem suitable for 
mechanical production. Ivanov (1975) studied the compatibi-
lity display in crossing selfed sunflower lines. Koves 
et al. (1978) induced the male sterility in Helianthus by 
relatively high gibberellic acid levels and low indole acetic 
acid levels. Vranceanu and Stoenescu (1978) studied the 
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genes for pollen sterility restoration in sunflower. 
Further they (1978) emphasized the influence of different 
genetic and environmental factors on pollen self compati-
bility in sunflower-
Male and female sterility can also be chemically 
induced (Torres et al., 1979) Whelan (1981) observed 
cytoplasmic male sterility in the hybrid of a cross between 
Helianthus giganteus and H. annuus. George and Shein (1980) 
pointed out the effect of stigmatic manipulation on polli-
nation and seed set in sunflowers. Leroy et al. (1986) are 
of the opinion that mitochondrial DNA is related with male 
sterility and fertility in sunflower. 
Crouzillat et al. (1987) described the molecular 
analysis of mitochondrial genome of Hellianthus annuus in 
relation to cytoplasmic male sterility and phylogeny and 
concluded that the mitochondrial plasmid pi was cloned, 
translated and hybridized with mitochondrial DNA from 
different lines of fertile male. Swamy and Griraj (1989) 
evaluated the sunflower populations for self compatibility 
over seasons. 
CYTOLOGY; 
Majority of Helianthus annuus L. the common sun-
flower, has the somatic number (2n = 34). it also occurs in 
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polyploid conditions having 2n = 68 (4x), 2n = 102 (6x), 
Exceptionally 2n = 14, 28 or 32 are also found (Prokopenko, 
1975) . 
Turner and David (1966) reported chromosome number 
in the compositae in North American- species. Tanaka (1967) 
pointed out a comparitive Karyotype analysis such as 
breakage, bridges and laggards in Haplopappus gracilis 
(2n=4) and H. ravenii (2n=8). 
Gupta (1969) Gupta et al. (1972) carried out the 
cytological investigations in some Indian compositae, and 
Singhvi (1974) studied Karyomorphology in some desert 
compositae. A comparitive study of cytogenetic effects of 
two culture media on suspension of Haplopappus gracilis was 
done by Singh (1976). He observed that the frequency of 
abnormal anaphase configuration was higher. Single and 
paired bridges and cells with paired fragments have been 
observed in H. annuus after post gamma irradiation.(Shizova, 
1976) . 
Werry et al. (1977) concluded that the relative 
position of interphase chromosomes was reflected by the 
relative position of metaphase chromosomes in Haplopappus 
gracilis. In Helianthus salicifolius the chromosome 
morphology suggests that the diploid genome of the species 
is different from the other perennial species resulting in 
failure of interspecific crosses. (Georgieva and Lakova, 
1978). Al-Allaf and Goodward (1979 a,b) analysed the 
Karyotype of four varieties of Helianthus annuus(2n=34) and 
observed that metaphase from each variety revealed no 
varietal difference so far as chromosome morphology and the 
position of the centromeres was concerned. In a Karyotype 
study the chromosomal arrangement pattern and behaviour in 
normal and caffeine treated binucleate meristematic cells of 
the root tips of Haplopappus gracilis (2n=4) was in most of 
the cases same (Tanaka, 1967). Mathew and Mathew (1982) 
also carried out the detailed Karyomorphological studies of 
eight species of vernonia and nine species of Blumea of the 
family compositae. Fargerberg (1984) observed cytological 
changes in the volume of the palisade cells of developing 
sunflower leaves. 
The occurrence of chromatin bridges and laggards 
during meiosis in 2, 4-D treated progeny (Siddiqui et al. , 
1982) has been reported in Helianthus annuus Yoshihiko -
Yonezawa (1981) observed a 'J' shaped chromosomes in 
Haplopappus gracilis and the reason of this transposition of 
centromere according to him was presumed to be an actuation 
of the supposed centromere in the subterminal position. 
Ashmore and Shapcott, (1989) obtained polyploids by callus 
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and suspension cell cultures. In polyploids, the 
chromosome loss and re-arrangement occured to give rise to 
aneuploids and chromosome bridges at anaphase in Haplopappus 
gracilis. 
By colchicine treatment the Karyotypic changes such 
as breakage, polyploids and haploids in Helianthus annuus. 
(Neagu et al., 1966) and multivalent chromosomes in 
Helianthus annuus and H. laciniatus (x=17) (Celal, 1979) 
have been produced. 
An effort has been made to carry out mutational work 
in compositae particularly Helianthus annuus L. variety 
'Morden'. Considering its importance the plant needs more 
attention in the fields of breeding and mutagenesis. 
mu 
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MODE OF ACTION OF CAFFEINE 
Caffeine (1,2,3 - trimethylexanthene) is an alkaloid 
(N-methylated oxypurine) which is found to be weakly 
mutagenic in bacterium E. coli and it induces back mutations 
(Gazelius and Fries 1952). Kihlman (1965) has reported the 
ability of caffeine to break plant chromosomes. Shimada and 
Takagi (1967) claimed that caffeine inhibit the initial 
phases of the process responsible for repair of the 
UV-irradiated DNA in E. coli indicating that strand excision 
of the DNA is extensively inhibited by caffeine. 
Caffeine has the ability to potentiate the lethal 
mutagenic and chromosome breaking effects of mutagens. 
Hartley Asp and Kihlman (1971) first established the ability 
of caffeine to act synergistically in inducing chromosomal 
aberrations in mammalian cells. 
Kihlman et al. (1974) showed that caffeine increases 
the chromosome aberrations in Vicia faba cells induced by a 
variety of mono-and poly-functional alkylating agents. 
According to hypothesis given by Kihlman et al. 
(1974) and Roberts et al. (1974) independently caffeine 
acts on the repair of damage produced during the 'S' phase 
of the cell cycle, the damage that is normally (in absence 
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of caffeine) repaired before the S-phase is completed. It 
was suggested that the gaps formed in daughter strands when 
alkylated DNA is replicated semiconservatively initiates an 
exchange that gives rise to the various types of chromatid 
aberrations. These gaps are normally filled by DNA 
synthesis d£ novo. Caffeine is able to inhibit this post 
replication DNA repair process and as a result accumulation 
of gaps in duaghter strands and hence there occurs an 
increase in aberration frequency. 
Friedlos and Roberts (1978) have demonstrated the 
discontinuties in Chinese hamster cells and suggested that 
they are brought about by the incision steps of excision 
repair which can not be completed (i.e. no synthesis) 
because of the absence of a template in the nacent strand. 
Chromatid consists of a single long DNA molecule a 
discontinuity or break in such a single structure must be a 
DNA double strand event. Therefore, to generate chromosomal 
aberrations as a result of defective gap filling, there must 
be some mechanism of producing discontinuity in the parental 
strand of DNA at a similar locus to the gap in the nacent 
strand. 
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O B S E R V A T I O N 
The mutagenic effects of caffeine on seed germi-
nation, seedling growth, morphological characters, pollen 
fertility and chromosomal behaviour have been studied in Ml 
generation. Morphological variants have been selected from 
treated populations of Helianthus annuus L. var 'Morden' on 
the basis of their deviations from normal morphological 
characters (control plants). 
1. SEED GERMINATION: 
Seed germination was counted on 5th, 10th, 15th and 
20th day after sowing till the maximum germination in 
control as well as treated seeds was attained. 
The percentage of seed germination was found in 
decreasing order, more or less linear from lower to higher 
concentrations. The germination percentages on 5th, 10th and 
15th days were 33.3, 79.16 and 96.00 in control whereas they 
decreased in higher concentrations and reached to 5.26, 
36.84 and 78.94 respectively in 2.0% caffeine (Table-I), 
The maximum germination was attained on 22nd day in 
control as well as treated populations. In control it was 
95.83 and decreased linearly to 57.89% in 2% caffeine 
(Table-I) . 
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INJURY AND SURVIVAL OF THE SEEDLINGS; 
SEEDLING INJURY; 
The seedling injury although insigificant was 
recorded in control, but increased linearly to 42.10% in 2% 
caffeine. Resultantly the survival of the plants was lower 
than the actual germination and decreased from 95.83% to 
57.89% in 2.0% concentration of caffeine (Table-I). 
SEEDLING MORPHOLOGY AT COTYLEDONARY STAGE; 
In control plants there were no morphological 
variations while in treated populations the frequency of 
variations increased from 33.33-69.44% in 0.05 to 2% 
caffeine (Table-2). These variations were: decreased node 
length (Plate 1-B,D.F), notching (Plate 1-B F,G,H,I), 
decreased angle in opposite leaves (Plate 1-B,C) chlorophyll 
deficiency (Plate 1-B,D,F,I), delayed germination (Plate 
1-B), variation and retardation in first pair of vegetative 
leaves (Plate 1-B,G), thick cotyledonary leaves (Plate 
1-D,G), condensed top (Plate 1-D,G), acuminate apex (Plate 
1-0), outgrowth on the tips of first pair of vegetative 
leaves (Plate 1-D,E), crumpled first pair (Plate 1-D), 
increased node length (Plate 1-D,E), rudimentary first pair 
of vegetative leaves (Pl-E,I), elongated cotyledonary leaves 
diverted to one side, both the cotyledonary leaves fused to 
3S 
form one big heart shaped structure (Pl-E), deeply incised 
leaves (Pl-F), deep notching in the cotyledonary as well as 
first pair of vegetative leaves (Pl-H, I), deshaped 
cotyledonary leaves (Pl-C, F, H). 
Thick fleshy cotyledonary leaves (Pl-F), stunted 
growth (P2-A), rudimentary needle like vegetative leaves 
(P2-A,D), notched (P2-A,B,D,E,F), beaked (P2-A, ), coty-
ledonary leaves diverted to a lesser angle (P2-A, ), 
upward curling of the cotyledonary leaves (P2-B,l), 
chlorophyll mutants (P2-C, G, I), deeply incised leaves 
(P2-B,D, )and unequal growth (P2-B,E) have also been 
observed. 
SEEDLING MORPHOLOGY IN OLDER STAGE; 
Control plants with normal morphological characters 
like, ovate, entire, acute, glabrous, leaves (P3-A) occur 
while in treated populations condensed internodes (P3-B,F), 
whorled leaves (P3-B,C,F), notched (P3-B,D,H), beaked 
(P3-C), lanceolate (P3-E), acuminate (P3-H), serrated 
(P3-E), broad, obtuse and unequal first pair of vegetative 
leaves have been seen. Obovate leaves (P4-A,I), notching 
(P4-A,C,F), pairs of leaves emerging simultaneously due to 
condensed internodes (P4-B,C,G) inlate compressed 
lenceolate leaves (P4-D), reduced size of lamina and 
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lanceolate leaves (P4-E,H) long petiole (P4-E), lamina 
bigger than control (P4-G), acute apex (P4-H), serrated 
(P4-F,H) and deshaped vegetative leaves (P4-H) are common 
feature. 
Chlorophyll deficiency at apical notch (P5-A,I), 
all leaves diverted to one side (P5-B), obtuse apices 
(P5-B), node condensation (P5-B,D,E), both cotyledons joined 
to some extent and margins curled upwards (P5-D), leaf 
blades deshaped, brittle and slightly serrated (P5-D), 
distorted, chlorophyll chimera, lyrate like cotyledonary 
leaves (P5-E), thick and partially joined first pair, in 
some leaves chlorophyll deficiency while subsequent leaves 
normal green deep notching, cai pletely fused cotyledonary 
leaves shifted to one side (P5-G), partially joined 
vegetative leaves and shifted to one side (P5-H), wavy 
margins and small branches (P5-I) arising from the lower 
portion of the plant occur in soa e higher concentrations. 
MEIOTIC STUDIES IN Ml GENERATION; 
Induction of structural rearrangements in 
chromosomes is one of the important methods of achieving new 
recombinations. To estimate the potency of mutagens and the 
mutation response of a genotype the chromosomal behaviour 
with respect to meiosis is considered to he one of the most 
reliable indices. 
40 
The present investigation deals with the study on 
the type of chromosomal behaviour and abnormalities and 
their frequencies in different treatments of caffeine. A 
comparative study among different concentrations of the 
mutagen has been carried out. 
The different parameters considered for the meiotic 
study are chiasma frequency per cell, and per bivalent, 
pairing behaviour of chromosomes, laggards, bridges, 
fragments, multivalents, stickiness and precocious 
separation etc. 
Helianthus annuus (L. ) has seventeen bivalents 
(2n = 34). The meiosis is normal with seventeen bivalents 
at prophase, arranged normally at the equatorial plate in 
metaphase I and separating 17 individual chromosomes towards 
either pole at anaphase I. Telophase first and all stages 
of meiosis second were generally normal. 
Chiasma Frequency: 
Abnormalities at Prophase I; 
Chiasma frequency is a constant and genetically 
controlled character which does not vary much unless the 
plants are subjected to any change by mutagenesis or 
environment. The chiasma frequency in control plants was 
30.3 decreased to 29.4 per cell in 2.0% of caffeine 
(Table-3) . 
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The frequency of chiasma does not show any definate 
pattern but it was quite irregular in increasing doses. Its 
frequency per bivalent in control and 0.05 to 2.0% of 
caffeine was recorded as 1.79, 1.74 and 1.54 respectively 
(Table-3). Even at diakine sis the terminalization was not 
complete, therefore, one chiasmata were generally observed 
in majority of cells (Plate-6), but in higher concentrations 
the chiasma frequency generally decreased (Table-3). 
Besides the decrease in chiasma frequency the 
univalents per cell were recorded 1% (highest) in 0.75 and 
1.0% of caffeine and the lowest frequency was obtained in 
0.25 and 0.5% caffeine (Table-3). 
Trivalents and tetravalents have been observed in 
almost all the treatments except control and 0.5% caffeine. 
The highest frequency of trivalents was recorded in 0.05% of 
caffeine (Table-3). 
Tetravalents were recorded highest in 2.0% of 
caffeine. The percentage cells showing multivalents was more 
than 50 in 1.5 to 2.0% of caffeine. The highest frequency 
of cells showing multivalents was recorded to be 80 in 1.75% 
of caffeine. 
Caffeine as a mutagen work on DNA and a large number 
of fragments were observed in treated populations whereas no 
tZ 
fragmentation was seen in control. The highest frequency of 
fragments was found in 0.5% caffeine. 
Diakinesis with 11 bivalents of which mostly rods 
with two trivalents and 8 univalents was observed at 
diakinesis (P9-B). 
ABNORMALITIES AT METAPHASE I; 
Normal metaphase I showed seventeen bivalents at 
equatorial region (P7-A). In treated population the 
chromosomal disorientation (P7-B,G,I), precocious separation 
of univalents (P7-B), clumping of all the chromosomes and 
precocious movement of a ring bivalent occurred in different 
frequencies (Table-3), (P7-C). Trivalents, two groups of 
clumped chromosomes, chromosomes scattered in groups, 
univalents in large number have also been observed at 
metaphase I. (P7-D,E,F,G). 
Prometaphase with bivalents trivalents and 
univalents (P9-C) and metaphase - I with precocious 
separation (P9-D,E) stickiness (P9-D,G) disoriented 
chromosomes (P9-G) was also observed. 
Abnormalities at Anaphase I; 
In control populations the anaphase - I was normal 
with the separation of seventeen chromosomes towards either 
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pole (P8-A). In treated populations, a random occurrence 
of laggards, clumping of chromosomes (P8-B,C,D,F,G,H,I) 
precocious separation (P8-B), unequal division of chromatin 
mass (P8-C,F), multiple chromatin bridges (P8-C,F,H,I) 
three patches of clumped chromatin mass (P8-D) were 
observed. Rings usually could not be seen during anaphase, but 
an unusual appearance of rings, univalents and fragments was 
observed at anaphase II (P8-E). Single chromatin bridge 
(P8-G), whole genetic material joined to form a single 
translocation chain (P8-I) and unsynchronized separation 
(P8-J) were also observed in some cells (Table-3). Unequal 
division of the chromosomes (P9-F), bridges (P9-F,H,I), 
laggards (P9-F,I) and fragments (P9-1), were recorded 
(Table-3) . 
Abnormalities at Telophase I; 
In control the chromosomal abnormalities could not 
be observed at telophase I. In treated populations also, 
the frequency of abnormalities at telophase I was 
negligible. 
Abnormalities at Meiosis II: 
At meiotic II divisions the abnormalities were not 
seen in control. In treated populations the frequency of 
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abnormalities was insignificant. Moreover rings at Ana-
phase II were observed (P8-E). While other second 
divisional stages were almost normal. 
Abnormalities in Pollen Grains; 
As a result of abnormal meiosis the morphology of 
the pollen grains was altered and varied shape and sizes of 
pollen grains were observed (P8-K,L). 
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side, both cotyledonary leaves fused at margins 
to form one big heart shaped structure, beaked 
apex of first foliage pair (0.25%). 
FIG-F : Increase in the node length, increased size of 
lamina, notching in first foliage pair, 
deshaped, deeply notched cotyledonary and 
vegetative leaves. Chlorophyll mutant of Xantha 
type (0.5%). 
FIG-G : Unequal and dislocated first foliage pair, both 
vegetative leaves joined incompletely to form 
big round leaf. Slow growth of seedlings, thick 
and fleshy cotyledonary leaves (0.75%). 
FIG-H : Deep notching in cotyledonary leaves as well as 
first foliage pair, deshaped and unequal coty-
ledonary leaves. Chlorophyll deficiency in 
general (1.0%). 
FIG-I : Weak seedlings, cotyledonary leaves yellow at 
margins showing chlorophyll deficiency. 
Decreased angle between both cotyledonary 
leaves. First pair of vegetative leaves 
rudimentary, leaves generally elongated with 
deep notching (1.5%). 
PLATE - 1 
FIG-A : Control seedlings: Cotyledonary and first pair 
of vegetative leaves. Uniform growth, healthy 
dark green, ovate, elongated (control). 
FIG-B : Decreased node length, leaves notched obtuse, 
cotyledonary leaves diverted to angles less than 
180°, unequal, some seedlings showing 
chlorophyll deficiency (0.05% caffeine). 
FIG-C : Cotyledonary leaves diverted towards one side, 
notching, varied growth and development of first 
foliage pair, cotyledonary and first pair of 
vegetative leaves rudimentary (0.05%). 
FIG-D : Thick cotyledonary leaves, condensed top with 
decreased internodal length, fused bases of 
vegetative leaves, beaked, yellowish, decreased 
chlorophyll contents, acuminate apex, first 
foliage pair deshaped in some seedlings (0.25%). 
FIG-E : Stunted growth, decreased distance between 
cotyledonary and first pair of vegetative 
leaves, failure of emergence of first foliage 
pair in some seedlings. Some cotyledonary 
leaves elongated and deformed, diverted to one 
Plate 1: Morphological Abnormalities at Seedling Stago 
FIG-F : Delayed germination but healthier seedlings, 
shorter in length, few vegetative leaves 
notched, shorter plants, slow growth and devel-
opment, decreased germination (2.0%). 
FIG-G : Decreased germination, deshaped leaves, some 
cotyledonary leaves bigger and dark green 
(2% caffeine) . 
FIG-H : Chlorophyll mutant (Xantha type), delayed 
germination (2.0%). 
PLATE 
FIG-A : Some seedlings show bigger cotyledonary and 
vegetative leaves, while majority show stunted 
growth, smaller cotyledonary leaves and 
rudimentary needle like, notched and beaked 
vegetative leaves (1.25% caffeine). 
FIG-B : Cotyledonary leaves elongated and generally 
diverted at the angle less than 180 , upward 
curling of the margin of cotyledonary leaves, 
notching in vegetative leaves (1.5%). 
FIG-C : Chlorophyll mutant (Xantha type), thick healthy 
cotyledonary and vegetative leaves varied rate 
of germination and growth, delayed germination 
(1.5%). 
FIG-D : Reduced internodes, notched, rudimentary and 
deshaped vegetative leaves. Cotyledonary leaves 
fused except at the apex forming heart like 
shape (1.75%). 
FIG-E : Some seedlings extra long with weak stem, curved 
and thicker cotyledonary leaves, deshaped, 
notched and unequal vegetative leaves (1.75%). 
Plate 2: Morphological Abnormalities at Seedling Stage. 
FIG-H ; Leaves ovate and broader, slightly acuminate, 
the first pair of vegetative leaves shows 
notching, deshaping, yellowing at the tips and 
mid ribs, subsequent leaves broader (0.75%). 
FIG-I : Broad obtuse and lobed leaf. Darker at petiole 
and joining point of petiole to lamina (0.75%). 
PLATE - 3: MORPHOLOGICAL CHARACTERS IN OLDER SEEDLINGS 
FIG-A : Control plants showing normal morphological 
characters like ovate, entire, acute, glabrous 
leaves, opposite at early stage whereas alter-
nate at older and mature stages (Control). 
FIG-B : Condensed internodes forming whorl like arrange-
ment of leaves, notching at tip as well as at 
the lateral sides, broader and unequal pair of 
vegetative leaves (0.05%). 
FIG-C : One of the plant shows whorled arrangement of 
leaves while in others, beaked and notched 
leaves (0.05%) . 
FIG-D : Healthier plants with unequal notched and 
chlorophyll deficient cotyledonary leaves, 
vegetative leaves bigger than control (0.25%). 
FIG-E : Lanceolate, serrate, acute vegetative leaves 
(0.25%) . 
FIG-F : Condensation of leaves, notching, chlorophyll 
deficiency (Xantha type), fusion of first pair 
of vegetative leaves (0.5%). 
FIG-G : Deep notching forming two overlapping lobes 
(0.5%). 
>iJ 
Plate 3: Morphological Characters in Older Seedlings 
FIF-I : First pair of vegetative leaves broader, 
subsequent pairs smaller and narrower, both 
opposite leaves dislocated to one side. Dark 
green(1.56%). 
PLATE - 4 : LEAF ABNORMALITIES 
FIG-A : The leaves oval oblong, broader and obtuse the 
first pair of leaves shows deep notching 
subsequent pairs are unequal (1.0% caffeine). 
FIG-B : Two pairs of leaves emerging from the same point 
due to condensed internode, lower leaves shows 
beaks (1.5%) . 
FIG-C : Notching and condensation of nodes, leaves in a 
whorl (1.25%). 
FIG-D : All vegetative leaves bilaterally compressed and 
lanceolate (1.25%) . 
FIG-E : Narrow and elongated lamina, the leaves borne at 
long petiole (1.5%). 
FIG-F : Notching and beak formation in ovate leaves 
(1.75%). 
FIG-G : Big lamina with clear veins, condensed, number 
of leaves increased (1.75%). 
FIG-H : Reduced size of lamina, narrow, slightly 
serrated, pointed and deshaped leaves (2.0%). 
Pla te 4: Leaf Abnormalities 
FIG-G : Chlorophyll deficient cotyledonary and first 
pair of vegetative leaves, subsequent leaves 
normal, cotyledonary leaves shifted to one side 
and completely fused. Notched first pair of 
vegetative leaves (2.0%). 
FIG-H : Vegetative leaves shifted to one side and 
partially joined, slight serration on the other 
leaves (2.0%) . 
FIG-I : Branching from lower portion of plant, leaves 
elongated with wavy margin (2.0%). 
PLATE - 5 : LEAF ABNORMALITIES 
PIG-A : Leaves showing notching and chlorophyll 
deficiency, obtuse as well as acute apices, 
(1.25% caffeine). 
FIG-B : All leaves diverted to one side, leaves long 
with obtuse apices, condensed nodes (1.5%). 
FIG-C : Cup shaped and round cotyledonary leaves, 
diverted to one side persistant for longer time, 
plant is short with thick and woody stem. 
FIG-D : Dislocated leaf arrangement with longer petiole, 
extralong and acute as well as obtuse, one half 
of the blade deshaped small (unequal) britle and 
slightly serrated (1.75%). 
FIG-E : Deshaped, distorted, chlorophyll deficient 
leaves (Albino type), cotyledonary leaves lyrate 
and notched, shifted to one side while 
vegetative leaves on the other side (1.75%). 
FIG-F : Healthy plant (bigger than control), partially 
joined first pair of leaves and shifted to one 
side, serration and deep notching in some leaves 
(2.0%) . 
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Plate 5: Leaf Abnormalities 
PLATE - 6 : CHROMOSOMAL STUDIES AT DIAKINESIS 
FIG-A : Control ; lO"'--'- rings + 1^^ rods (1.0% caffeine). 
FIG-B : 15-'--'- rings + l"'"-'--'- and l"'" (1.5%). 
FIG-C : 14 rings + 1 inversion ring of tetravalent 
+2^ (1.25%). 
FIG-D : 8^^ rings + 6^^ rods + l"""^  + 2^ (1.75%) 
FIG-E : 6^^ rings + ll''--'- rods (control) 
FIG-F : g-'--'- rings + ^^^ rods + 6^ (0.75%) 
Plate 6: Chromosomal Studies at Diakinesis 
PLATE - 7 : CHROMOSOMAL ABNORMALITIES AT METAPHASE I 
FIG-A : Normal metaphase I showing 12 and 10 
(control). 
FIG-B : Metaphase I (late). The shifting of sindle 
apparatus towards one pole. 9 + 1 6 (.5%). 
FIG-C I Metaphase I: Clumping of chromosomes, precocious 
movement of bivalents towards the pole (0.5%). 
FIG-D : 13 + I + 1 + 1 / precocious movement of a 
bivalent (0.75%). 
FIG-E : Metaphase I: Chromosomes clumped in two groups, 
1 ring shows precocious movement (0.5%). 
FIG-F : Metaphase I: 4'^'^ rings + lO"""""" rods + 6-^ (1.25 % ) . 
FIG-G : Disoriented polar metaphase I (late): showing 
precocious separation of chromosomes (1.0%). 
FIG-H : Metaphase I-showing l"^-"- rings + 12-'--'- rods + S-*-
(0.5%). 
FIG-I : Metaphase I-showing 3 rings + lO"^"*" rods + 8""" 
(1.0%). 
Plate 7: Chromosoma 
1 Abnormalities at Metaphase I 
FIG-J : Anaphase Il-Persistance of rings showing unequal 
division, fragments also present (2.0%). 
FIG-K : Pollen grains - varied shapes and sizes (2.0%) 
FIG-L : Pollen grains - varied shapes and sizes (2.0%) 
PLATE - 8 : CHROMOSOMAL ABNORMALITIES AT ANAPHASE I 
FIG-A : Normal Anaphse I, separation of 17 chromosomes 
towards each pole (control). 
FIG-B : Anaphase I-clumping of the chromosomes, 
chromatin bridges, precocious separation of one 
chromosome (0.5% caffeine). 
FIG-C : Anaphase I-clumping of chromosomes, multiple 
chromatin bridges (0.5%). 
FIG-D : Anaphase I - clumping, unsynchronized separation 
of chromosomes and formation of bridge (0.5%). 
FIG-E : Clumping of chromosomes, legards unsynchronized 
movement of chromosomes (1.5%) 
FIG-F : Clumped chromosomes at both the poles, chromatin 
bridge (1.7%). 
FIG-G : Chromatin bridge and clumping of chromosomes 
(1.5%). 
FIG-H : Clumped chromosomes in paches, multiple bridge 
(1.0%) . 
FIG-I : Clumping of chromosomes 5 groups wih bridges. 
Precocious separation of a single chromosome 
(2.0%) 
: r 
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Plate 8: Chromosomal Abnormalities at Anaphase I 
PLATE - 9 : CHROMOSOME ABNORMALITIES 
FIG-A : Diakinesis - S-"--"" ring + G-'"''" rods + g-"" + !•'••'••'" + 
1 Fragment (0.5% caffeine). 
II II 
FIG-B : Diakinesis - 9 rings + 5 rod and a hexa-
valent (translocation rod) (2.0%) 
FIG-C : Promataphase I - ll"^ "^  rods + 9^ + l"'"-'""'-(0.75%) 
FIG-D : Metaphase I-Precocious movement of 4 and 1 , 
other chromosomes show stickiness (0.5%) 
FIG-E : Metaphase I - ll"'"-'- + S"*" + 1"*"^ , precocious 
separation of univalents and bivalents (1.0%). 
FIG-F : Anaphase I - unsynchronized movement of chromo-
somes and laggards (1.25%). 
FIG-G : Metaphase I - disoriented polar chromosomes, 
disturbed spindle orientation (2.0%). 
FIG-H : Anaphase I - chromatin bridges and laggards 
(0.5%). 
FIG-I : Anaphase I - laggards, streching of chromatin, 
unequal division (15+16) (1.5%). 
^ • ^ km 
Plate 9: Chromosomal Abnormalities 
DISCUSSION 
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D I S C U S S I O N 
The present discussion is mainly confined to the 
effect of caffeine on seed germination, seedling morphology, 
plant morphology, cytology, yield and other characters of 
Helianthus annuus L. Variety 'Morden'. The probable reasons 
and explanations regarding the mutagenic effect have been 
discussed. 
SEED GERMINATION; 
The test of germination is an important parameter to 
estimate the induced effects of the mutagen on metabolism 
resumed after a period of dormancy. Generally the 
germination decreased with increasing concentrations of 
caffeine. The reduced germination due to inhibitory effect, 
as observed in Helianthus annuus L. has been reported in 
pulses (Sahai 1974) and tomato (Khamankar, 1974). Similar 
results have also been reported by many workers (Basu and 
Basu, 1968; Rajput 1970; Patel and Shah. 1974; Sinha and 
Sinha 1977; Chandra and Tiwari, 1978; Siddiqui et al., 1979 
1980; Krishna et al., 1984 Sloan and Camper, 1988). 
In Helianthus annuus the decreased germination was 
reported by Corbineau et al. (1988) by the treatment of 
methyl jasmonate. 
4n 
Dahal et al. (1990) observed delayed germination in 
tomato by reducing the temperature from 25 C to 10 C. Gay 
et al. (1991) reported inhibition in germination at high 
temperature in Helianthus annuus. Corradi et al. (1993) 
observed no effect on germination with K^Cr^O- solution, 
Several workers have made attempts to explain the 
causes responsible for inhibition of seed germination. The 
destruction of growth regulators (Sideris et al. 1971) and 
metabolic disturbances during germination (Ananthaswamy et 
al.. 1971) may be some of the reasons. 
According to Corbineau et al. (1988) methyl 
Jasmonate inhibits root and hypocotyl growth depending upon 
the concentrations. 
Delayed germination was recorded more in higher 
concentrations of caffeine in the present material. Similar 
delayed germination has also been reported in pearl millet 
(Burton and Powell, 196u), Corchorus species (Sen and Ghosh, 
1968) and Phaseolus vulgaris (Bajaj et al., 1970). 
Gay et al. (1991) reported inhibition in germination 
at high temperature in Helianthus annuus, whereas, increase 
in germination has been reported by the increase of 
temperature from 8°C to 34 C (Whites and Moutes, 1993). 
Increase in concentration of CO has also inhibitory effect 
t / 
on germination (Ziska et al.i 1993). Baxter et al. (1993) 
observed that smoke amd smoke extracts stimulate seed 
germination of the fire climax grass. Bardwaj and 
Chakraborty (1994) reported that presowing treatment with 
concentrated sulphuric acid for 12 minutes produced better 
results on germination of fire climax grass. 
Griffith and Johnson (1962) and Srivastava (1979) 
considered that reduction in germination percentage was due 
to weakening and disturbances of growth process regulated in 
early elimination of seedlings. The inhibition of growth 
regulators and metabolic disturbances during germination may 
also be one of the reasons (Sideris et al., 1971). 
SEEDLING GROWTH; 
The average seedling height exhibited increase over 
control to some extent in lower concentrations and then 
decrease with the increasing concentrations of caffeine in 
Migration in the present investigation. 
Various workers have attempted to explain the 
phenomenon of reduced seedling growth by mutagenic 
treatments. The most probable causes are suggested to be 
uneven damage to the meristematic cells as a consequence of 
genetic injuries (Gray and Scholes, 1951), structural 
changes in the constitution of chromosomes (Thoday, 1951), 
4S 
chromosomal damages and/or inhibition of cell division 
(Sparrow et al., 1961), the chromosomal damage and in part 
due to physiological disturbances which affected the height 
(Russel and Martin 1962). 
Sparrow and Sparrow (1965) concluded that the growth 
inhibition arises from the interference with the cell 
elongation. Inhibition of impaired mitosis could also be 
the reason for reduced growth (Mergan and Johnson, 1964). 
Sparrow et al., (1958) reported that reduced stem 
elongation is due to reduced mutrition contents. The 
mechanism of assimilation may also be important factor. 
Many workers have observed reduced growth of 
seedlings with the effect of different chemical mutagens, 
such as, Krishna et al., (1984) in Chloris gayana Kunth, 
Cheng and Gao (1988) in barley Temple (1990) in 
Lycopersicon esculentum. Mill and Fay et al. (1991) in 
Helianthus annuus and Murray and Wilson (1991) in Medicago 
truncatula. Qussible et al., (1992) in wheat reported that 
subsurface compection also reduced the seedling growth. 
Corradi et al., (1993) observed that chromium reduced the 
seedling growth in Salvia sclarea, while presowing treatment 
of seeds with cone, sulphuric acid produced better results 
for seedling growth (Bardwaj and Chakraborty, 1964). 
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The other aspect of caffeine treatment in the 
enhancement of seedling growth at lower concentrations is 
quite similar to that of lower doses of DES, and 2i 4-D as 
observed by Ansari (1984). 
The low concentrations of caffeine cause low 
toxicity and probably act as growth regulator and hence 
height increased over control as also observed in case of 
lower concentrations of EDTA in maize (Kiril, 1980). 
SURVIVAL PERCENTAGE; 
The seedling and plant survival decreased with 
increasing concentrations of caffeine. This could be due to 
the disorder in physiological activities or because of 
chromosomal damage leading to mitotic arrest. 
As the concentrations of caffeine increased there 
was a remarkable decrease in survival percentage of the 
seedling. The lethality caused by caffeine was quite 
obvious. These are similar to the findings of Jawahar Lai 
(1972) in pearl millet, Jana and Roy (1973) in rice and 
Khamankar (1974) in tomato. Ashton and Crafts (1973) 
working with 2,4-D reported that its effects would be 
cummulative resulting into death. 
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•ABNORMALITIES IN LEAF MORPHOLOGY: 
At seedling stage the abnormalities such as shape 
and size of cotyle* onary and vegetative leaves were commonly 
observed and their frequency increased with the increasing 
concentrations of caffeine. Similar results as observed in 
Helianthus annuus are common effects of mutagens in 
different plants reported by many other workers, such as, 
Basu (1962) in Corchorus species, Nayer and George (1969) in 
Brassica juncea. Bajaj et al. (1970) in Phaseolus vulgaris 
Silvy (1984) in Barley, Krishna et al. (1984) in Chloris 
gayana Kunth; Sloan and Camper (1986) in cucumber. Murray 
and Wilson (1988) in Eucalyptus tereticornis, Cheng and Gao 
(1988) in Barley, Zeerak (1990) in Brinjal, Murray and 
Wilson (1991) in Medicago truncatula and Corradi et al. 
(1993) in Salvia sclarea. 
According to Devreux and Mugnozza (1964) the 
disturbances in metabolic activities due to mutagenic 
treatments may be one of the important factors responsible 
for such anamolies in plants. 
Hagen and Gunckel (1958) found in general that where 
leaf abnormalities occurred there was a concomittant 
increase in the free amino acid contents in these leaves. 
Similar factors may be responsible for leaf variations in 
caffeine also. 
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ABNORMALITIES IN MATURE PLANTS; 
The effect of mutagen on height of mature plants is 
quite pronounced as compared to control. The lower doses 
showed enhancing effect while the higher doses retarded the 
growth. However, the effect of mutagen on the height of 
mature plants is rather meagre or less pronounced as 
compared to that at seedling stage. Similar adverse effect 
on plant growth has also been observed by gamma irradiation 
in Citrullus lanatus (Katiyar and Roy 1972, 1973). Sesamum 
(Nath 1974). Linseed (Seetharam 1976; Nath 1978). Brassica 
campestris (Kumar and Das 1977), Coriandrum sativum (Sinha 
and Sinha 1977) Solanum khasianum (Chauhan 1978), Jowar 
(Puzakova et al., 1978) and barley (Singh et al.. 1980). 
Sparrow et al (1958) mentioned that although reduced stem 
elongation is usually ascribed to reduced auxin and 
nutritional levels, the mechanism of assimilation may also 
be important factor. On the whole it appears to be complex 
biological phenomenon operating at cellular levels as well 
as sub-cellular levels. 
POLLEN FERTILITY; 
In M„ generation the pollen fertility decreased with 
the increasing concentrations of caffeine. Sinha and 
Godward (1969, 1972) described translocations to be 
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responsible for decreased pollen fertility. Rana and 
Swaminathan (1964) and Ramanna (1974) reported that any 
deviation in karyokinesis or cytokinesis could produced 
nonviable microspores. 
The effect of mutagens on pollen fertility has also 
been reported in Arachis hypogea and Plantago ovata (Bora 
et al.j (1961), Carthamus tinctorius (Chauhan 1969), 
Cyamopsis tetragonaloba (Rai 1971), Sesamum indicum and 
Martynia dyandra (Nath 1974), Luffa cylindrica and Luf fa 
acutangula (Katiyar and Roy 1974, 1975), Brassica campestris 
(Kumar and Das 1977), Chloris gayana Kunth (Krishna et al., 
1984), Arachis hypogea L. (Dutta et al., 1986). Pollen 
germination and pollen tube growth was found to be affected 
by gamma rays (Cung and Roudot 1991). Thus various 
chromosomal abnormalities like translocation, anaphase 
bridges, laggards etc. lead to decreased pollen fertility. 
MEIOTIC ABNORMALITIES: 
As a result of mutagenic treatments of seeds with 
caffeine, the plant showed varying degree of meiotic 
irregularities like lowered chiasmata frequency, 
multivalents, univalents, disturbed bivalent associations. 
stickiness, laggards, fragments, precocious separation of 
chromosomes, unequal division, bridges with or without 
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fragments which generally increased with the increasing 
concentrations of caffeine. Moreover, the frequency of these 
abnormalities was higher in meiosis I than in meiosis II. 
The chiasma frequency following mutagenic treatments 
has been found to increase in some cases (Mather 1934, 
Darlington and Lacour 1953), while in others there was no 
change (Darlington and Lacour 1953, Sybenga 1960). They 
have been found to decrease (Sree Ramulu 1971a, Al-Allaf and 
Godward 1979). Prasad and Godward (1969) reported in 
Phalaris that there was no significant correlation of the 
distribution of chiasmata between bivalents of the nuclei, 
though a slight reduction in number of chiasmata per pollen 
mother cell was observed following x-ray irradiation of dry 
seeds. 
Lawrence (1961) working with Lolium and Tradescantia 
concluded that the decrease in chiasma frequency following 
mutagenic treatments might possibly occur at two stages, 
viz. during DNA synthesis and sensitive period at/or 
slightly before the stages of chiasma formation. In the 
former case the decrease in the frequency of chiasmata may 
be due to disturbance in the chromosome coiling, failure or 
restricted pairing at pachytene and the delay in DNA 
synthesis, while in the latter it may be affecting the 
process leading to chiasma formation. Zeerak (1992) 
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observed increased chiasma frequency in Lycopersicon 
esculentum and according to him chiasma frequency was low in 
some cases because of induced desynapsis. 
MULTIVALENTS: 
The formation of multivalents by caffeine as 
described here has also been reported by many workers 
Heiner et al. (1960). Konzak et al. (1961) and Sree Ramula 
(1971) working with gamma rays and DES reported that the 
chemical mutagens produce chromosomal aberrations less 
frequently than radiation. The quadrivalents (translocation 
rings) as observed in Helianthus annuus were also observed 
in Pennisetum typhoides (Burton and Powell 1966 
Srinivasachar and Mohandas 1971), Lycopersicon esculentum 
(Zeerak 1992) and Cicer arietinum (Saeed 1993), by physical 
and chemical mutagenic treatments. 
Multivalent formation in present material is more 
common in 1.75% caffeine suggesting that this concentration 
is more suitable for affecting chromosomal configurations. 
STICKNESS; 
Sticky chromosomes affected the normal disjunction 
adversely and were reported as a result of partial disso-
ciation and altered pattern of organisation of nucleoprotein. 
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sometime they perhaps caused clumping of the chromosomes 
(Evans 1962, Prasad 1965, Sheikh and Godward 1972, Katiyar 
1978, Srivastava 1979). 
According to Darlington (1953) stickiness may be due 
to depolymerization of DNA on the surface of the chromosomes 
which is rendered more fluid by the treatment. Tarar and 
Dnyansagar (1980) observed stickiness at anaphase also and 
attributed it to change in cytoplasm viscocity. Stickiness 
was also observed by Kumar et al. (1989) by the accidental 
leakage of methyl isocyanate. It has also been reported by 
Ragab and Raheem (1989) in Zea mays Zeerak (1992) in 
Lycopersicon esculentum, and Saeed (1993) in Cicer arietinum 
by the treatment of some insect growth regulator, EMS and 
gamma rays and gamma rays respectively. 
According to Rangaswami (1935) and Magoon et al. 
(1958) the lagging nature of chromosomes seems to be due to 
some trouble in terminalization of chiasmata resulting from 
change in homology of the paired chromosomes. 
PRECOCIOUS MOVEMENT OF CHROMOSOMES; 
The precocious separation of chromosomes at 
metaphase I as observed in the present material has been 
attributed to crossing over between relatively inverted 
segments (Mc. Clintock, 1931) or the reunion of chromatids 
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during meiotic prophase (Rees and Thompson 1955 Lewis and 
John 1966, Newmann 1966). 
Precocious separation was also observed in Arachis 
hypoqea (Patil and Bora, 1961) raised from x-ray irradiated 
seeds an* in tomato (Bose and Saha, 1970) by x-rays and DES 
treatments. Bose and Saha (1970) concluded that the 
univalents separating precociously seemed to be as a result 
of desynapsis. According to Roy et al. (1971) precocious 
separation of bivalents at metaphase I in Cucumis sativus 
was attributed to the failure of Chiasma formation in pairs. 
In Turnera ulmifolia var angustifolia (Tarar and Dnyansagar 
1980) the precocious separation was also observed by gamma 
rays and EMS treatments. 
BRIDGES; 
Jones (1968) described the contrasting modes of 
origin of bridges in simple terms 'one depends on crossing 
over between relatively inverted segments, the other depends 
on inverted crossing over between non-oriented segments. It 
is also possible that bridges may result due to stickiness 
of chromosome ends (Carlson 1954, Sawamura 1965, Sudhakaran 
1971). Thompson (1961) observed that in some cells the 
interstitial chiasmata in the translocated chromosomes fails 
to terminalize completely, and during anaphase this results 
in bridge. 
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Bridge formation was also observed by Rangab and 
Raheem (1989), Kumar et al. (1989), Al-safadis and Simon 
(1990), Zeerak (1992) and Saeed (1993) in different plants. 
The cells showing unequal division may arise when 
one chromosome of a quadrivalent goes to one pole and 
remaining three to the other. It is also possible that a 
bivalent may fail to disjoin and move as a whole to one of 
the poles. Unequal distribution was also observed in 
Pennisetum typhoides (Krishnaswamy and Rangaswamy Ayyanger 
1941) by x-rays, tomato (Bose and Saha 1970) by DES and 
x-rays, Rhoeo discolor (Ammini 1968) by maleic hydrazide, 
Zea mays (Ragab and Raheem 1989) by insect growth regulator, 
Cicer arietinum (Saeed 1993) by gamma rays and Adiantum 
capillus (Khare 1994) by gamma rays. 
LAGGARDS: 
The laggards were found to occur as a result of the 
treatment with caffeine. The occurrence of laggards has 
also been observed by Rangaswami (1935) in Pennisetum 
typhoides, Ammini (1968) in Rhoeo discolor, Bose and Maiti 
(1971) in Lycopersicon esculentum Mill., Roy et al. (1971) 
in Cucumis sativus, Sree Ramulu (1971b) in Sorghum 
Choudhary et al. (1971) in Triticum aestivum, Rajab and 
Raheem (1989) in Zea mays, Kumar et al. (1989) in Solanum 
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melongena, Lycopersicon esculentum, Raphanus sativus 
Brassica campestris Lagenaria vulgaris, Solanum surattense, 
Datura alba, and Argemone maxicana Al-Safadis and Simon 
(1990) in Daucus carota L., Zeerak (1992) in Lycopersicon 
esculentum L., and Khare (1994) in A diantum capillus. 
According to Tarar and Dnyansagar (1980) 
unsynchronized bivalents or laggards might be due to 
discrepancies in spindle formation. 
FRAGMENTS; 
Fragments have been observed frequently in most of 
the treatments, the highest frequency being in 0.5% of 
caffeine. Probably this concentration is the optimum dose 
for fragmentation. 
Mathew and Kuriachan (1989) have also foun* out that 
bridges and fragments arise as a result of spontaneous 
breakage, while Lewis and John (1965) proposed that 
irregular crossing over results in the formation of bridges 
and fragments. 
UNIVALENTS; 
The frequency of univalents was mostly dose 
dependent. In the present investigation most of the 
univalents showed either precocious separation at 
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metaphase I or seen as laggards at anaphase I and telo-
phase I. It seems that occurrence of univalents is the 
result of desynapsis because normal pairing was observed at 
pachytense stage. Such a phenomenon was also supported by 
Li et al. (1945) Bozzini and Maitini (1971) in wheat, 
Krishnaswamy et al. (1949) in Pennisetum typhoides an* 
Krishnaswamy and Meenakshi (1957) in Solanum. Krishnaswamy 
and Meenakshi (1957) studied the desynaptic mutant and found 
it to be simple Mendelian recessive. 
DAYS TO MATURITY; 
In the present investigation majority of treated 
populations showed a longer life span over control but in 
the higher last four doses (1.25 1.5 1.75 and 2.00% 
caffeine) the plants showed shorter life span. In 2% 
caffeine some plants took only 77 days while the control 
took 93 days to maturity. 
The delaying effect of mutagen on treated plants as 
observed in Helianthus annuus L. was also observed in 
Brassica campestris (Fowler & Stefensson 1972) and Zea mays 
(Kaushik & Sharma 1974). 
YIELD; 
The yield of treated populations increased with 
increasing concentrations of caffeine as far as the number 
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of seeds is concerned. A significant increase in the number 
of seeds is independent of the weight per hundred seeds. 
Although there is increasing trend in the weight per hundred 
seeds upto some extent. 
On the other hand decreased yield was observed by 
Brock and Latter (1961), Scossiroli (1964), Gaul (1965, 
1969), Aastveit (1967), Borojovic (1969, 1972). Bebawi 
(1984) by mutagenic treatments. Temple (1990) in ozone 
treated Lycopersicon esculentum Mill and Zeerak (1990) in 
combined treatment of gamma rays and EMS in Solanum 
melongena L. observed reduced yield. However boron supply 
has been found to increase the yield in Trifolium 
subterraneum (Dear and Lipsett 1987). 
It may be concluded that the morphological and 
cytological variations may be due to physiological distur-
bances chromosomal damage disturbed chromosomal coiling 
failure or restricted pairing delay in DNA synthesis and/or 
replication disturbed sindle formation etc. and all these 
lead to mutation and selection of desired characters. 
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S U M M A R Y 
The effect of caffeine on seed germination, seedling 
and plant growth, meiotic chromosomes, pollen fertility 
yield and life span of Helianthus annuus L. variety 'Morden' 
has ben studied in Ml generation. The findings are 
summarized below. 
1. Lower doses of caffeine caused no significant effect 
on seed germination but in higher concentrations 
delayed and decreased germination was observed. 
2. Lower doses of chemical mutagen exhibited stimu-
latory effect on seedling growth over control while 
in higher doses the height of the seedlings 
decreased. 
3. The Cotyledonary leaves of treated population 
exhibited abnormalities like decreased angles; 
fusion at base upto half of the length or even upto 
3/4 length forming a heart shaped structure, poorly 
developed, notched, string like, rudimentary in 
higher doses. Most of the abnormalities were common 
in all the doses. 
4. First pair of vegetative leaves also exhibited 
morphological variations like poor development, 
62 
deshaping, whorl formation, lobe formation, notching 
change in serration and apex, fusion, rudimentary 
leaves. 
5. Older seedlings also exhibited morphological 
variations like varied leaf sizes, weak stem, 
healthy seedlings with branching in 2% caffeine. 
Besides this plyllotaxy was also effected in 
treated populations of Ml. Variations like 
increased notching and dissection, lobe formation 
was observed. 
6. Different types of meiotic abnormalites were also 
observed in treated populations in different 
frequencies (bivalents, multivalents, fragments, 
formation of bridges, laggards stickiness, 
unsynchronized division etc). 
7. Yield showed an increasing trend with increasing 
concentrations. 
8. Mathematical and statistical analysis of the data 
recorded in Ml generation particularly seed 
germination, pollen fertility, yield, variations, 
chromosomal configurations etc. have been carried 
out to establish the statistical relationship 
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between concentrations of caffeine and different 
cytomorphological abnormalities of Helianthus annus. 
L. 
9. Moreover similar types of works have been reviewed 
and possible reasons behind these variations have 
been discussed. 
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FUTURE PLAN OF WORK 
The work of mutagenesis on Helianthus annuus L. 
varieties 'Modern' and BSHI, has been started by the treat-
ment of chemical mutagens^ caffeine, 2, 4-DichlorophyenoxY 
acetic acid, Ethylene diamine tetra acetic acid, and sodium 
azide. Important variants have been obtained in the treated 
populations and isolated in Ml generation. Their morpho-
logical as well as cytological characters have been studied. 
Further plan of work is summarised as under: 
1. Attempts will be made to obtain improved mutants/ 
variants through the induction of mutations. The variants 
obtained in Ml have been selected separately. The seeds of 
such plants have been sown in M2. In which the true mutants 
(recessive mutants) will be detected out and maintained 
separately on the basis of change in habit, seedling and 
plant morphology, branching, flowering, fruiting, yield 
seed morphology cytogenetic studies etc. 
2. The seeds obtained in M2 from these selected mutants 
as well as from general treated populations will be sown in 
M3 generations to find out segregation, if any, and to 
establish the true mutants. In every generation the 
inflorescences will be selfed to maintain homozygosity. 
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3. Both the varieties 'Modern' and BSH-I will be 
assessed for comparative efficiency and effectiveness of 
mutagens on the basis of morphological and cytological 
parameters mentioned above. 
4. Production of polyploids (autotetraploids) will be 
attempted in order to obtain better quality, bigger seeds 
and high yield by treatment of aqueous solution of 
colchicine. 
5. Cytogenetic studies of control, randomly selected 
plants of treated populations, selected mutants and 
colchiploids will be carried out in detail in Ml, M2 and M3 
generations. Specially the numerical & morphological 
changes, pairing behaviour of chromosomes like bivalents 
univalents, multivalents, chiasma frequency, bridges, 
laggards etc. will be studied. A relationship between 
morphological variations of the plants and structural and 
morphological variations of chromosomes will be worked out. 
6. Data recorded in Ml, M2 and M3 generations will be 
subjected to statistical analysis to establish various 
relationships and estimation of micromutations. 
7. The decreased or increased oil contents oil 
constituents, protein and other chemical contents will be 
estimated in mutants as compared to control. 
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